In humans, the most common types of infection are respiratory tract infections, among which viral infections predominate. Viruses can also infect the low respiratory tract, causing bronchiolitis, bronchitis and pneumonia. The objective of this review article was to show epidemiological, pathophysiological, clinical and therapeutic aspects of viral community-acquired pneumonia. These types of pneumonia are commonly caused by influenza A and B; parainfluenza 1, 2 and 3; respiratory syncytial virus; or adenovirus. We also address the types of pneumonia caused by hantaviruses, metapneumoviruses and rhinoviruses.
affect the lower respiratory tract, causing bronchiolitis, bronchitis and pneumonia. (2) Viral pneumonia is defined as a disease in which there are gas exchange abnormalities at the alveolar level accompanied by inflammation of the lung parenchyma. The pulmonary inflammatory phenomenon commonly translates to imaging abnormalities that are detectable by X-ray or CT. In viral pneumonia, the clinical profiles are quite varied, depending on the infectious agent as well as on the age and immune state of the host. In recent years, severe acute respiratory syndrome (SARS) coronaviruses, avian H5N1 influenza A viruses and North American hantaviruses have gained prominence as causative agents of severe pneumonia, which
In humans, the most common types of infection are respiratory tract infections, among which viral infections predominate. Currently, 1,200 viruses that infect the respiratory tract are known to exist, although many of them are not likely to cause disease. (1) Among the diseases that result from viral respiratory tract infections, two that are very common, but difficult to distinguish, are of note: the common cold, which has low severity and short duration, as well as manifesting as headache, sneezing, chills and sore throat and evolving to rhinorrhea, nasal obstruction, cough and malaise; and the flu, which is more severe and has an abrupt onset, with fever, headache, sore throat, myalgia, sneezing, weakness and appetite loss. However, viruses can also can actively inhibit or delay such responses. In addition, hantaviruses have an inhibiting effect on the cell receptors responsible for the maintenance of vascular integrity. More severe clinical profiles have also been associated with high viral loads. Inversely, neutralizing antibodies seem to have a protective effect against the severe forms. (6) Furthermore, in severe RSV pneumonia, high local viral replication, an exacerbated proinflammatory response and a high level of T cell activation have been observed. (7) In patients with pneumonia, there are no clinical criteria that suggest, with proven safety, the viral etiology. In addition, there are difficulties in establishing the general etiologic diagnosis of pneumonia, especially of viral pneumonia, which limits the knowledge about this disease and its causative agents. The classical description of severe viral pneumonia is based on that of the influenza A virus. Patients present with cough that is initially dry but can evolve to the production of pinkish mucous sputum, and respiratory failure, characterized by cyanosis and hypoxia. At examination, patients are found to be acutely ill, showing increased respiratory rate and crackles disseminated through the lung parenchyma projection area, as well as eventually presenting rhinitis and conjunctivitis. In RSV pneumonia, bronchitis and bronchiolitis associated with necrotic mucosal lesion and mucus plugging take on added importance. (3) In adults, high fever, leukocytosis with neutrophilia and radiological findings of lobar pneumonia do not predict the viral etiology. Similarly, in children, clinical alterations, such as an axillary temperature > 39°C, and altered complementary test results, such as total neutrophil counts > 8,000/mm 3 (hematological test) and well-defined, lobar or segmental pulmonary infiltrates (radiological test) , were analyzed. Those clinical alterations and altered complementary test results were organized so as to, when present, generate grades whose sum, when high, would indicate a high probability of bacterial pneumonia. However, a low grade (lower than 4) would be predictive of the viral etiology in cases of childhood pneumonia. (8) Traditionally, in the diagnosis of respiratory infections, virology laboratories use blood and nasopharyngeal/oropharyngeal swabs or aspirates, which are processed for viral isolation in cell culture, for detection of IgM antibodies, leads to respiratory failure and high mortality. (1) However, in addition to causing primary pneumonia, viruses impair the local respiratory tract defense mechanisms by damaging the respiratory tract mucosa, thereby favoring the onset of secondary bacterial pneumonia. In addition, some chronic diseases, such as COPD and heart failure, and even pregnancy have been described as being associated with a greater risk of viral pneumonia. (3) Viral pneumonia can result from infections that originate from the respiratory tract itself and progress, by contiguity or by aerosol contamination, until reaching the terminal bronchioles (e.g., influenza infections and respiratory syncytial virus-RSV-infections), from infections that originate from the respiratory tract and disseminate systemically, thereby reaching the lower respiratory tract (e.g., measles), or even from infections that originate from other sites and reach the respiratory tract systemically (i.e., cytomegalovirus infections). Studies of the pathogenesis of influenza pneumonia show that the virus, in cases of different degrees of severity, affects pneumocytes as a primary target, causing diffuse alveolar damage. The submucosa is hyperemic, with focal hemorrhages, edema and cell infiltrates, which are associated with the intra-alveolar process and contain neutrophils, mononuclear cells with fibrin and edematous fluid. In a more advanced stage of the infection, there is fibrocellular intra-alveolar organization (bronchiolitis obliterans with organizing pneumonia) with the presence of histiocytes and multinucleated pneumocytes. (3, 4) In the respiratory epithelium, humoral immunity against the influenza viruses is provided by neutralizing antibodies. Regarding the cellular immune response, CD4 T lymphocytes attract immune cells in an MHC class II response, and CD8 T lymphocytes induce an MHC class I response, with production of IFN-γ and TNF, causing lysis of the infected cells and apoptosis. (5) In hantavirus cardiopulmonary syndrome (HCPS), interstitial pneumonitis, pulmonary edema and cardiogenic shock, all of which characterize the disease, occur largely due to activation of the immune response, especially that of CD8+ T lymphocytes and macrophages, both of which are producers of inflammatory cytokines. Although the endothelial cells, which are targets of the viral infection, produce IFN antiviral response, many species of hantavirus mentioned above. Some of these studies are summarized in Table 1 . In a study of 300 adult individuals with community-acquired pneumonia conducted in New Zealand, 28% of the cases were of viral etiology. The viruses detected were rhinovirus (in 10%), influenza A (in 8%), influenza B (in 2%), RSV (in 4%), adenovirus (in 4%), coronavirus (in 2%) and parainfluenza (in 1%). In addition, more than one type of virus was found in some patients. Those authors observed that the patients with viral pneumonia presented more myalgia than did those with bacterial infection. They also observed that simultaneous rhinovirus and pneumococcal infection was associated with more severe pneumonia. (9) In a study of 338 adult individuals with community-acquired pneumonia conducted in Spain, it was demonstrated that 18% presented detectable virus and that the agents found were influenza A (in 44%), parainfluenza (in 18%), influenza B (in 16%), RSV (in 8.2%) and adenovirus (in 8.2%). Those authors observed that, in 66% of the cases of viral pneumonia, the radiological examinations showed alveolar infiltrates, that complaints of cough with expectoration were less frequent in the viral cases and even that most of those patients presented tachypnea (more than 30 breaths/min). (10) Communityacquired pneumonia in other age brackets has also been studied in terms of viral etiology. In a study of 75 school-age children with community-acquired pneumonia conducted in Greece, the viruses detected were rhinovirus (in 45%), adenovirus (12%), parainfluenza (8%), influenza (7%), RSV (in 3%) and metapneumovirus (1%). Mixed viral-bacterial infections were found in suggestive of recent infection, using serological methods and for detection of IgG using immunoenzymatic methods. However, in the last 15 years, highly sensitive techniques for the genomic detection of pathogens in clinical samples, such as PCR and RT-PCR-with their various real-time multiplex variants-as well as microarrays, have become popular. Using variants of those methods, there are various commercial diagnostic kits for detection of respiratory viruses. Therefore, the etiologic diagnosis of viral pneumonia on a large scale is currently possible.
Various viruses are recognized as causative agents of pneumonia. Such viruses can be classified as those causing disease in immunocompetent individuals, which are the object of this review article, and as those acting opportunistically, in the presence of immunodeficiency. In addition, the etiologies of viral pneumonia among immunocompetent individuals depend on the time of the year, since several of these viral infections are seasonal, occurring predominantly in the winter, or even epidemic, as well as also depending on the use of sensitive and reliable diagnostic approaches to viral detection, and here are included molecular methods for genomic detection. Influenza A and B; parainfluenza 1, 2 and 3; RSV; and adenovirus are traditionally known to be causative agents of pneumonia.
There have been few studies of viral infections causing community-acquired pneumonia. However, in recent years, there have been studies of this subject using multiple diagnostic approaches and including the modern techniques (9) Study of 338 adults conducted in Spain (10) Study of 75 children conducted in Greece (11) Study of 107 adults > 50 years conducted in Holland (12) This efficient mechanism of transmission, associated with a short period of incubation, results in major and explosive epidemics of this viral infection. (15) Avian influenza H5N1 appeared, in the last decade, as a threat that could cause a severe pandemic. The virus, originating from Asia, spread through migrating aquatic birds and caused hundreds of infections in humans, resulting in severe and highly lethal pneumonia, in different regions of the world. However, to date, the avian H5N1 virus has not been found to be adapted for human-to-human transmission via respiratory secretions. (16) Belonging to the Paramyxoviridae family, RSVs are enveloped, have single-stranded nonsegmented RNA, are classified into two antigenic groups, A and B, both of which can cause outbreaks, and are associated with bronchiolitis in childhood. The genome of RSVs is more stable and does not have high mutagenic activity, 35% of the cases. (11) Regarding individuals over 50 years of age with community-acquired pneumonia, a study of 107 patients conducted in Holland revealed, using RT-PCR and real-time PCR as methods for rapid diagnosis, the presence of influenza virus (in 13%), coronavirus (in 5%), rhinovirus (in 3%), parainfluenza (in 1%), RSV (in 1%) and adenovirus (in 0.5%). (12) It has been reported that influenza A and RSV are the most common viruses in elderly patients with viral pneumonia in the United States. (13) Therefore, influenza A and B, RSV, parainfluenza, metapneumovirus, coronavirus, rhinovirus, hantavirus and adenovirus are among the viruses that cause community-acquired pneumonia. A chart with the structure of these viruses is shown in Figure 1 . (14) Influenza viruses, which belong to the Orthomyxoviridae family, are enveloped, have Hantaviruses belong to the Bunyaviridae family. Hantavirus infection in humans leads to HCPS, an emerging disease in the Americas, caused by inhalation of aerosolized excreta from wild rodents (Sigmodontinae) contaminated with these viruses. In Brazil, HCPS has occurred since 1993, and, as of 2008, approximately 1,100 cases had been reported. The Araraquara, the Juquitiba, the Castelo dos Sonhos, the Rio Mearim and the Laguna Negra-símile hantaviruses are known to be causative agents of the human form of the disease in Brazil. The analysis, between 1998 and 2007, of a sample of 70 patients with HCPD in the region of Ribeirão Preto, a city in the state of São Paulo, Brazil, revealed a higher incidence of the disease between April and September, the dry season. Of those patients, 75.7% were male, and the mean age was 35.8 ± 11.7 years. After an incubation period of 2 to 30 days, those patients presented the following: dyspnea (in 87%); fever (in 81%); cough and headache (in 44% and 34%, respectively), for 3-6 days (mean, 4 days); symptoms accompanied by tachycardia (in 81%); arterial hypotension (in 56%); a decrease in SaO 2 (in when compared with that of influenza viruses. In addition, RSV infections induce incomplete immunity, and RSV reinfection usually causes mild respiratory disease. The rate of occurrence of pneumonia and more severe profiles increases with age. Among elderly individuals residing in nursing homes, 10% are expected to be infected with RSV each year, and, of those, 10% are expected to develop pneumonia. (17) Parainfluenza viruses, similarly to RSVs, belong to the Paramyxoviridae family and are associated with bronchitis and pneumonia in suckling infants. Three viral types, numbered from 1 to 3, are recognized, causing 4-14% of respiratory infections. These viruses produce recurring infections, including in adult life, causing pneumonia in young individuals and bronchopneumonia in elderly individuals. (18) Human metapneumoviruses, similarly to parainfluenza viruses and RSVs, belong to the Paramyxoviridae family. They were described recently (in 2001), are globally distributed and have been found to cause bronchiolitis and pneumonia in suckling infants. (19) In young adults, they cause colds, flu and exacerbation of asthma attacks. Metapneumovirus respiratory infections also occur in elderly individuals with cardiopulmonary diseases. (13) Coronaviruses, which belong to the Coronaviridae family, are commonly associated with colds, and their laboratory isolation is difficult. The OC43 and 229E strains are the most common, having been described in all age brackets. In 2002, a new coronavirus appeared in China, causing a new disease, which was designated SARS. This disease spread rapidly around the world through travelers coming from China, causing pneumonia presenting as respiratory failure and high mortality, and was initially considered a major public health threat worldwide. However, probably due to the fact that the virus was not easily transmitted, the epidemic decreased in a few months. (20) Rhinoviruses, which belong to the Picornaviridae family, are the most common causative agents of colds, which occur among individuals of all ages and throughout the year. The role of rhinoviruses as primary causative agents of pneumonia is controversial. However, rhinoviruses have been recovered from the lower airways of neonates and immunocompromised patients with pneumonia. toconjunctivitis, gastroenteritis, hemorrhagic cystitis, meningoencephalitis, hepatitis, myocarditis and severe disseminated disease. Severe pneumonia caused by serotype 14 has been described in adults and children with mild or moderate COPD. (23) The treatment of viral pneumonia depends on the severity of the profile and on the infecting agent. General support measures, especially those with ventilation, for the treatment of hypoxia, can be critical for patient survival. The high frequency at which bacterial infections are associated with viral infections makes it possible that, after microbiological examination, antibiotics are indicated in such cases. Antiviral therapy is indicated in severe cases and in immunocompromised individuals, based on diagnostic tests for viruses. This therapy is usually more efficient when it is initiated early, at the onset of symptoms. (3) Four antiviral drugs (amantadine, rimantadine, zanamivir and oseltamivir) can be used in the treatment of influenza virus infections. Amantadine and rimantadine are active against influenza A virus. Zanamivir and oseltamivir are active against influenza A and B. These drugs, when administered in the first 48 h after disease onset, reduce the severity of the disease and the symptoms. Zanamivir and oseltamivir can 49%); metabolic acidosis (in 57%); lymphocytopenia (in 51%); hematocrit > 45% (in 70%); leukocytosis with a left shift (in 67%); increased serum creatinine (in 51%); and increased serum urea (in 42%). In addition, they presented radiological alteration with bilateral diffuse interstitial opacification between the first and the fourth day of disease and subsequent alveolarization, as shown in Figure 2 . The progression to respiratory failure, arterial hypotension and shock occurred 24-48 h after the onset of symptoms, and the highest frequency of deaths occurred on the fourth day of disease. Increased hematocrit and thrombocytopenia were signs strongly suggestive of the disease. The working diagnosis of atypical pneumonia was associated with a good prognosis (p = 0.0136), whereas parenteral fluid resuscitation of more than 2,000 mL and arterial hypotension were associated with a bad prognosis (p = 0.0286 and p = 0.0453, respectively). Contact with infected rodents proved to be a risk factor for transmission and morbidity (p = 0.0198). In the sample of individuals with HCPS caused by the Araraquara virus, the mortality rate was 54.3%. (22) Adenoviruses, DNA viruses that belong to the Adenoviridae family, occur worldwide.
Adenoviruses of 52 serotypes can be the cause of asymptomatic infections, pharyngitis, kera- Table 2 -Antiviral drugs used in the treatment of pneumonia. (3, 13) Etiology of the pneumonia trauma. Although ribavirin is effective in vitro against hantaviruses, its activity in vivo has yet to be scientifically proven. (25) Regarding the treatment of SARS, in addition to ventilatory support measures, it is recommended that ribavirin, or even a combination of ribavirin, lopinavir/ritonavir and corticosteroids-a combination recommended, based on the reduction in the viral load, as the most effective therapy-be used, although its effectiveness has yet to be confirmed in controlled studies.
The prevention of viral infections that cause community-acquired pneumonia includes, depending on the virus, vaccines and passive immunization. For the prevention of influenza A infections, there are inactivated virus vaccines that are produced in embryonated eggs and have a panel of viruses that circulate in the region. (26) In order to prevent RSV infections, especially in high-risk children, the following immunoglobulins are used: RSV-IGIV (RespiGam™; Massachusetts Public Health Biologic Laboratories, Boston, MA, USA) and palivizumab (Synagis®, Abbott, São Paulo, Brazil). (3) induce bronchospasm in patients with obstructive pulmonary disease. However, although its efficacy has yet to be definitely established by scientific studies, antiviral therapy is indicated in patients with influenza pneumonia. (13) In order to prevent the introduction of respiratory viruses that are epidemic and cause severe disease, such as avian H5N1 influenza, it is recommended that the patient be immediately placed in respiratory isolation in an infirmary with negative pressure and air filtration. A minimal number of professionals, always wearing N95 masks and being attentive to handwashing, should deal with the patient. In addition, all of the objects used by the patient should be decontaminated. (24) The treatment of RSV pneumonia includes ventilatory support measures and the use of ribavirin aerosol, as shown in Table 2 .
In hantavirus pneumonia, which is always present in HCPS, early clinical suspicion is quite important, since it has an impact on patient survival. This suspicion is based on clinical, laboratory and radiological aspects. Early clinical suspicion allows the rapid institution of cardiorespiratory support measures, since, in this case, there is as yet no specific antiviral therapy. It is recommended that the patient be rapidly transferred to an intensive care unit. Hemodynamic adjustment, using the measurement of pulmonary artery pressure (Swan-Ganz) and careful fluid resuscitation, is indicated in more severe cases. The analysis of the volume infused into 10 patients with HCPS revealed a significant association between volumes over 2,500 mL in the first 24 h of in-hospital care and death. The volume infused tends to concentrate in the lungs, worsening the respiratory failure. Therefore, it is recommended that vasoactive drugs (dobutamine, with or without noradrenaline) be used for hemodynamic stabilization. The early use of these amines is useful in preventing the shock and the myocardial depression that accompany the severe forms of this disease. The use of corticosteroids is controversial in such cases. However, based on the pathophysiological mechanism of the disease, the use of corticosteroids would be beneficial since it reduces the intense inflammatory mediator activity. The ventilatory support should give preference to lung protection strategies, avoiding high FiO 2 and limiting airway pressure to prevent baro-
